We have designed and tested phytoplankton "cages" in which captured natural populations can be re-suspended in situ at their original site or at different sites. The "bars" of the cage consist of a membrane whose pores are sufficiently large to permit relatively rapid exchange of "inside" and "outside" nutrient-containing waters which ensures that the contained phytoplankton are always subjected to the "outside" (in sltu) nutrient regime. The pores are sufficiently small to retain the captured phytoplankton, in order to measure growth rates precisely the cages are incubated in situ for times greater than the doubling times of the population (ca. 3 days). The population changes within the cages reflect the integral net primary production. Therefore the technique can be used to characterize geographical locations in terms of their potential for supporting the growth of natural phytoplankton populations. A possible specific application of this technique is the comparative study of the effects on the growth ~f phytoplankton of near field and far field water masses adjoining power plants or sewage treatment plants.
Introduction
A major goal in the study of the ecological efficiency of natural phytoplankton populations is the measurement of net primary production. In the rapidly exchanging estuarine waters of the Chesapeake Bay there is a large natural variance in production measured at any location. We have demonstrated that a paired sampling or comparative statistical analysis can be effective in separating the natural variance from the experimental variance in the measurement of standing crops of phytoplankton (Seliger and Loftus 1974) . We have extended this comparative statistical analysis to measure net primary production. We have designed and tested phytoplankton "cages" in which captured natural populations can be re-suspended in situ at their original site or at different sites. The "bars" of the cage consist of a membrane whose pores are sufficiently large to permit relatively rapid exchange of "inside" and "outside" nutrientcontaining waters which ensures that the contained phytoplankton are always subjected to the "outside" (in situ) nutrient regime. The pores are sufficiently small to retain the captured phytoplankton. In order to measure growth rate precisely the cages are incubated in situ for times greater than the doubling times of the populations (ca. 3 days). The population changes within the cages reflect the integral net primary production. The growth of phytoplankton in confined membrane containers has been attempted by several investigators who followed the methods used by microbiologists for determining environmental effects on bacteria. The membrane pore sizes used have ranged from the small, tortuous openings of a dialysis membrane to the larger, irregular holes of a glass frit (Baskett and Lulves 1974; Hendricks and Morrison 1967; Prokash, Skogland, Rystad, and Jensen 1974; Trainor 1965) . These studies have shown that growth of algae can be maintained in a membrane chamber in contact with a nutrient medium or nutrient-rich natural water. The investigations have emphasized the growth and morphology of o . v . H . Owens, et al. cultured organisms, but have not been used in open water with the normal array of species found there. Our technique can be usqd to characterize geographical locations in the estuary in terms of their potential for supporting the growth of natural phytoplankton populations. A specific application of this technique is the comparative study of the effects on the growth of phytoplankton of near field and far field water masses adjoining power plants or sewage treatment plants. A second application is that with a slight modification in experimental technique, i.e. the use of pumped natural waters, the cages can be used as "in situ chemostats" for effective Km values for nutrients in the mixed phytoplankton populations of the natural system. In this paper we present the details of the technique and the results of initial experiments with these cages. Fig. 1 shows (a) a cage disassembled with its parts and (b) assembled. We required a membrane pore size that would allow reasonable exchange rates of water but which would retain the smallest of the phytoplankton cells. The 1 ~tm Nuclepore membranes have high pore density (2 • 10 7 pore/cm2). The clearly defined pore sizes result in essentially cylindrical holes. Table 1 shows the degree of retention of algae in cages with membranes of several pore sizes. The algal concentrations were measured as extractable chlorophyll a. Laboratory cultures were placed in cages and are then clamped against the membrane by stainless steel screws around their periphery. The overlap of the membrane acts as a gasket to keep the drumshaped chamber tight. Two filling holes in the spacer ring are closed with rubber serum stoppers. Total volumes of cages are 16 ml for a V4" spacer ring and 32 ml for a ~/2" spacer ring. TABLE 1. Retention of several species of cultured cells (as determined by total chlorophyll a) in 16 ml cages with membranes of various pore sizes. Cages were suspended and agitated in 21 tanks of growth medium for the times indicated. Percent retention and half-time for loss were calculated from the total amount of chlorophyll in the cages at the start and the total amount of chlorophyll in the tank after the elapsed time. The amount of chlorophyll in the cages at the end indicates that growth exceeded leakage in some cases. 
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